The prognosis of small-cell lung cancer remains poor and it is speculated that small-cell lung cancer patients with end-stage renal failure undergoing hemodialysis have a poorer prognosis. In this article, we present a Japanese woman with extensive small-cell lung cancer with end-stage renal failure undergoing hemodialysis who received multiple courses of chemotherapy. Although she achieved long-term survival of more than 2 years, the last-line chemotherapy, consisting of irinotecan, induced grade 4 febrile neutropenia and her performance status deteriorated even with a reduced dose according to the analysis of UDP-glucuronosyltransferase 1A1. We also conducted a pharmacokinetic analysis of irinotecan, the resulting values of which were much higher than in previous reports. Although further studies are needed, chemotherapy for small-cell lung cancer patients should not be withheld just because they are undergoing hemodialysis; however, chemotherapy should be performed more carefully because more severe toxicities can occur than expected.
INTRODUCTION
Although the incidence of small-cell lung cancer (SCLC) has decreased, its prognosis remains poor: the median ranges of survival for limited disease and extensive disease (ED) are reportedly 15 -20 and 8 -13 months, respectively (1) .
Patients with end-stage renal failure (ESRF) undergoing hemodialysis (HD) are potentially at increased risk of cancer for several reasons, including the presence of chronic infection, a weakened immune system, nutritional deficiencies and altered DNA repair (2) . It is speculated that more patients who undergo HD will be diagnosed with SCLC with the recent advances in HD.
Some previous reports have indicated the safety and efficacy of chemotherapy in such patients; however, evidence is still lacking. In this article, we present a patient with ED-SCLC undergoing HD who received multiple courses of chemotherapy and survived for more than 2 years. We also performed pharmacokinetic analysis of irinotecan in this patient.
CASE REPORT
A 78-year-old Japanese woman was diagnosed with ED-SCLC with liver, bone and adrenal metastases, and her performance status (PS) in the Eastern Cooperative Oncology Group was 1. She had been undergoing HD three times a week for 2 years because of renal sclerosis. HD was performed for 4 h using a polysulfone membrane (APS TM ;
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Jpn J Clin Oncol 2011;41(4)582 -585 doi:10.1093/jjco/hyq244 Advance Access Publication 17 January 2011 Asahi Kasei, Tokyo, Japan). She received a monthly cycle of chemotherapy consisting of carboplatin (300 mg/m 2 ) on day 1 and etoposide (50 mg/m 2 ) on days 1 and 3 followed by HD 1 h after administration each day (3). She had grade 3 neutropenia and grade 4 thrombocytopenia, and so the dose was reduced to 80% from the second cycle. Although she had grade 1 fatigue and grade 1 anorexia, she completed three additional cycles of chemotherapy without serious toxicity. After receiving four cycles of chemotherapy, she achieved partial response (PR).
Fourteen months after treatment, her tumor recurred with multiple brain metastases, and her PS was two. She received monthly cycles of a different chemotherapy consisting of amrubicin (35 mg/m 2 ) on days 1 -3. The timing of HD was not considered for this regimen because it is exclusively metabolized in the liver. The toxicity was generally mild (grade 2 neutropenia and grade 1 thrombocytopenia). She received four cycles of amrubicin and achieved PR.
Two months later, her brain metastases worsened and her PS deteriorated to three. After receiving whole-brain irradiation, she received irinotecan on days 1, 8 and 15 as her third-line chemotherapy. Because she had UDP-glucuronosyltransferase (UGT) 1A1*28/*28 analyzed by invader assay (SEKISUI MEDICAL CO. LTD, Tokyo, Japan) and considering that she was undergoing HD, the dose was reduced from the standard 100 -50 mg/m 2 . Even with a reduced dose on day 1, she experienced grade 4 febrile neutropenia although diarrhea was mild (grade 1); therefore, she could not receive irinotecan on days 8 and 15.
We obtained written informed consent from the patient, and plasma concentrations of irinotecan, its active metabolite SN-38 and its inactive metabolite SN-38 glucuronide (SN-38G) were investigated by the high-performance liquid chromatography. The pharmacokinetics is summarized in Tables 1 and 2 . The area under the plasma SN-38 concentration-time curve from 0 to 72 h (AUC 0-last ) was much higher than in a Japanese phase-I study (4) . Although she recovered from febrile neutropenia, her PS was much worsened and chemotherapy was stopped. She died of SCLC 28 months after diagnosis.
DISCUSSION
Although it is uncertain that patients with ESRF undergoing HD are at risk for lung cancer, more patients undergoing HD will be diagnosed with lung cancer because recent advances in HD have resulted in longer survival than ever. In addition, more patients undergoing HD will be diagnosed by regular chest X-ray. Therefore, the treatment for such patients, who are often elderly and have poor PS, becomes a more important subject. In patients undergoing HD with early stage non-SCLC (NSCLC), surgery can be performed safely with appropriate HD and general management in the perioperative period (5, 6) . In patients undergoing HD with advanced NSCLC, however, there has been no prospective study about chemotherapy. Although we previously reported the safety of erlotinib (molecular-targeted agent) for three cases of advanced NSCLC undergoing HD (7), administration of cytotoxic agent for such patients is controversial because NSCLC is not a chemosensitive cancer and more severe toxicities can occur than expected. In contrast to NSCLC, chemotherapy for patients undergoing HD with SCLC is often recommended because SCLC is a chemosensitive cancer (3) and many cases of successful chemotherapy treatment for SCLC have been reported. A previous study demonstrated both safety and efficacy of chemotherapy with carboplatin (300 mg/m 2 ) on day 1 and etoposide (50 mg/m 2 ) on days 1 and 3 followed by HD 1 h after administration each day (3). Our patient received chemotherapy with carboplatin and etoposide following this report and achieved PR. Amrubicin is metabolized in the liver and rarely affected by renal function. Previous Japanese reports have indicated that HD rarely affected the pharmacokinetics of amrubicin (8 -10) . In our case, although we did not investigate the pharmacokinetics of amrubicin, she achieved PR without serious toxicity.
Irinotecan unexpectedly causes severe toxicity of leukopenia or diarrhea. It is metabolized to form active SN-38 (100 -1000 times greater than the parent drug), which is converted to the inactive SN-38G by UGT1A1. Patients with haplotypes harboring UGT1A1*6 or *28 had significantly increased SN-38, and the homozygotes and double heterozygotes of *6 and *28 (*6/*6, *28/*28 and *6/*28) were significantly associated with severe neutropenia (11 -13) . According to the product label, a reduction in the starting dose by at least one level of irinotecan should be considered for patients known to be homozygous for the UGT1A1*28 allele. However, the precise dose reduction is not known (14) . In addition, recent data suggested a relationship between renal function and irinotecan-induced neutropenia (15) . Then, in this case, since the patient had UGT1A1*28/*28 and considering her renal function, the dose was decreased to 50 mg/m 2 . Even with a reduced dose on day 1, she had severe neutropenia (grade 4). Although the maximal plasma concentration (C max ) of SN-38 was similar to the data of a Japanese phase-I study, AUC 0-last of SN-38 was much higher and the elimination of SN-38 was delayed (4). In one study, no significant difference in AUC of SN-38 was observed between patients undergoing HD and control (16) . In other studies, however, delayed elimination of SN-38 was observed in patients undergoing HD like our case. Although the definite reason remains unclear, one potential explanation includes that uremic toxins can affect SN-38 elimination by inhibiting uptake into hepatocytes (17, 18) . Overall, 76% of irinotecan and 65% of SN-38G remained in the plasma during HD; however, the plasma concentration of SN-38 after HD was higher than that before HD, which might be explained by hemoconcentration. Since the binding of SN-38 to human plasma proteins was very high (99%), most plasma SN-38 seemed not to be dialyzed (19) .
In this article, we presented a case of ED-SCLC with ESRF undergoing HD who survived more than 2 years by receiving multiple lines of chemotherapy. Although further studies are needed, chemotherapy for SCLC patients should not be withheld just because they are undergoing HD; however, chemotherapy should be performed even more carefully because more severe toxicities can occur than expected.
